This paper presents a review of high-order and optimized finite-difference methods for nuof the methods for specific problems and practical aspects of their use, such as appropriate Courant numbers and grid densities. Avenues for future research are suggested.
The fully-discrete schemes are given as applied to eq. 1 itself. The coefficients of all of the schemes studied are given in the Appendix.
Spatial

Difference Operators
On a uniform grid with xj = jAx and uj = u(xj), compact centered-difference schemes of up to tenth order can be represented by the following formula:
where (5,_u)j is an approximation to O/Ox at node j. These schemes produce no dissipative error. Noncompact schemes of up to sixth order are obtained with ¢_ = 5 = 0.
Haras and Ta'asan [28] The operator is divided into an antisymmetric part given by
and a symmetric part given by 
Results
Spatial Difference Operators
In this section, we consider the errors produced by the spatial operators alone. Figure 1 We next demonstrate the tradeoffs associated with optimization, using the tridiagonal five-point operators (fl = c = 0) of Haras and Ta'asan as an example. Figure  3 shows the behavior of three different optimized schemes given in Ref. [28] as well as the maximumorder scheme which can be obtained using this operator, which is sixth-order. The difficulty with the maximum-order five-and six-stage Runge-Kutta methods is that they are unstable for pure imaginary _, as shown in Figure 7 . We consider these schemes further below.
Combined
Space-Time Discretizations
Haras and Ta'asan modified the coefficients of the five-stage Runge-Kutta method to produce stability for pure imaginary A while maintaining second-order accuracy and optimized error behavior. The methods are designed for C --0.9. Figure  9 shows the grid resolution requirements of the three spatial operators of Haras and Ta'asan compared in Figure  4 are shown in Figure  13 . Figure  14 . Figure  15 shows optimized schemeover the maximum-orderschemeare fairly modest due to the nature of the waveform,which is a Gaussianand thus has considerablelow-wavenumbercontent. [36] Liu, Y., "Fourier Analysis of Numerical Algorithms for the Maxwell Equations," J.
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[56] The six-stage method is obtained from eq. 8 with _5 = 1/2, c_4 = 1/3, c_3 = 1/4, (_2 = 1/5, c_1 = 1/6, leading to the following characteristic polynomial: where C = ah/Ax is the Courant number.
